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Abstract 
Welding of a spherical shaped glass beads with the diameter of 0.7 mm to a float glass plate by using picosecond laser 
irradiation was investigated. The glass bead itself acts as focusing lens and should be considered as a part of optical system. 
The different number of pulses, repetition rate and average laser power were applied to estimate the joint strength 
dependence on the laser process parameters. Two types of crack-free welding regimes were found, namely, the point 
welding with a low number of laser pulses and a weak joint and the fusion welding when irradiation lasts up to one second. 
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1. Motivation  
Glass is a widely-used material in many areas of technology and industry, from optics to building 
construction [1]. Plenty application fields require precise joining techniques of the glass. Laser welding of glass 
materials can be one of the easiest and fastest ways to produce a glass-to-glass joint. The glass joining by 
welding has a huge advantage  it does not pollute the joint with undesirable material (glue, etc.).  
Development of Vacuum Insulating glass (VIG) production technology is one of the most important tasks in 
order to implement the concept of the passive house which does not require additional heating. Distance 
between glass sheets is very important for VIG insulating properties as well as long-term stability of the 
product. When producing vacuum insulated glass it is necessary to precisely distribute and attach to the glass 
sheet up to 1000 spacers per 1 m2, which will ensure even and stable distance between glass sheets after 
evacuation until high vacuum (up to 10-4 Pa). Insulation and optical properties of the spacers are also very 
important for VIG product characteristics. To avoid thermal losses, the contact point should be as small as 
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possible. Therefore, a laser welding of the spacers made of glass spheres for their fixture on substrate was 
proposed in this work. 
Interest in the glass welding with the ultra-short pulsed lasers working in femtosecond [3] and picosecond 
[1,4] range increased since the work of Tamaki et. al. in 2005 [5]. The ultra-short laser pulses, at a wavelength 
transparent to the processing material, are tightly focused onto the joint surface of two glass pieces intended for 
welding. The fusion welding of glass is achieved by localized heating due to nonlinear light absorption [4]. The 
high concentration of electrons can be reached rapidly, initiating avalanche ionization and plasma generation 
within transparent materials which is able to heat the surrounding material. To keep heating between laser 
pulses, the high-repetition rate (100s kHz) lasers are employed. This reduces thermal cycling and effectively 
suppresses development of thermally induced cracks. 
Welding of a spherical shaped bead with the diameter of 0.7 mm to a float glass plate was investigated. The 
glass bead itself acts as focusing lens. The different number of pulses, repetition rate and average laser power 
were applied to estimate the joint strength dependence on the laser process parameters. Modeling of transient 
thermal fields induced by laser irradiation was performed in order to evaluate possible defect formations. 
2. Experimental 
Picosecond laser (Atlantic, Ekspla), with the pulse duration of 10 ps, was used in experiments (Fig. 1). The 
welding was tested when laser was running at 100 kHz and 500 kHz pulse repetition rate.  
Glass sphere acts as a lens and collimated laser beam can be focused with the sphere. However the focus is at 
the distance roughly equal to its radius beneath the bead. Glass-to-glass welding with ultra-short pulsed lasers 
requires localized heating close (tens of micrometers) to the interface between glasses. The collimated laser 
beam cannot be directly used for welding and combined focusing with the aspheric lens, and, therefore, the 
glass bead itself was applied. Such arrangement permitted to control the focal position relative to the bead-
substrate interface. The drawback is that laser beam should be centered relative the sphere.  
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Fig. 1. Experimental setup of Welding. 
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Results and Discussion 
The glass bead welding was performed by focusing a laser beam through the bead to the contact point with 
the glass substrate. The welding joint quality was investigated depending on the laser beam average power, the 
number of pulses, the pulse repetition rate and beam focus position. 
 
 
Fig. 2. Crack in the glass bead after 10 000 pulses at the 5.15 W mean laser power and 100 kHz repetition rate. 
When repetition rate of 100 kHz was applied for the welding, cracks appeared in the bead (Fig. 2)  and their 
size depended on the laser pulse energy and the number of laser pulses in a burst. Welding with the higher 
pulse repetition rate (500 kHz) provides more smooth transient temperature distribution and thermal stresses 
are reduced significantly, which maintains the crack-free welded area. Welding with excessive melt increased 
strength of the glass beads. 
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